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1. Introduction
Eggs are known as a source of animal protein with high 
nutritional value. It is also a nutrient store rich in essential 
amino acids, minerals, essential fatty acids, fat and water-
soluble vitamins. In addition to its nutritive value, its 
affordable price, rich content, and ease of consumption 
significantly affect egg consumption. An egg weighing 58–60 
g on average is equivalent to approximately 90 g of meat or 
160 g of milk in terms of nutrients. Since it has been shown 
in scientific studies that it does not affect blood cholesterol in 
humans, its consumption has been increasing in recent years. 
For this reason, the quality of the egg, which has a great place 
in human nutrition, is of great importance [1]. Egg weight, 
which is directly related to age and live weight in poultry, is 
one of the egg quality characteristics and is very important in 
breeding studies. Egg weight and quality are affected by many 
factors such as genotype, age, production system, settlement 
frequency, and ration. In addition, egg weight is directly 
proportional to the age of the hen, while yolk weight, white 
weight, and shell weight increase depending on age, while 
white and shell decrease proportionally [2].

In general, age, breed, moult, feeding method, incubation 
period and environmental factors are of great importance in 
egg weight and production amount [3]. However, regardless 

of the effect of age, race, moult, diet, and other environmental 
factors on egg weight and egg production amount, the curve 
they will form will show an almost similar distribution [4].

In addition to linear, quadratic, and cubic models, 
many nonparametric functions such as Gamma, McMillan, 
Richard, Schunute, Adam and Bell, Logistics, and Gloor have 
been applied in the modeling of egg weight curves depending 
on the developments in the poultry industry and computer 
field. Egg weight curves show a regular increase at first, then 
consist of three parts, after which it reaches the maximum 
level, and then there is a decreasing trend. In other words, 
in the curves of egg weights, it is seen that there is a low 
point at the beginning, followed by a peak where it reaches a 
maximum level, and then a straight line [5].

The purpose of modeling the curves of egg weights and 
yields is to make an early estimation of the egg weight of 
the current flock and to create breeding flocks. The most 
important factor here is to create a flock with maximum 
efficiency in terms of egg weight and yield. Thus, modeling 
and interpretation of the curves of egg weights are very 
important [6]. In addition, by considering these curves, the 
time to create the target flock in selection will decrease and 
naturally the degree of the target in selection will increase. 
However, the most important part here is the removal 
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of individuals who are far below the average in terms of 
egg production and weight, in a model to be applied to 
the average of the flock. Due to the difficulties of curve 
modeling in terms of egg production and weight, it will 
be better to weed out low-yielding individuals since the 
average of the herd is important [7]. Thus, this approach 
increases the probability of selecting individuals with high 
genetic capacity on a herd basis [8].

It has been observed that there is a limited amount of 
literature on the generation of curves using mathematical 
models for the variation of egg weight over time. In this 
study, it was aimed to model the time-dependent variation 
of egg weights measured between 20–40 weeks in Lohmann-
Brown Classic flock. For this purpose, curve estimation 
methods and nonlinear regression models were applied to 
model the changes in egg weights over time [9,10].

2. Materials and methods
2. 1. Material
2.1.1. Animal material 
This study was carried out at the Research Farm belonging 
to Ondokuz Mayıs University, Agricultural Faculty, in 
Samsun, between August 2019 and February 2020, in a 
3-tiers battery caged hen house. Lohmann-Brown Classic 
laying hens were used as animal material. Pullets were 
taken from a commercial firm at 16 weeks of age and a 
total of 351 hens were used in the study. In the modeling 
of egg weights of 351 layer hens raised in 3-storey cages, 
individual egg weight data measured at weekly intervals, 
32 on the 1st floor, 17 on the 2nd floor, and 27 on the 
3rd floor, were taken into account, and a total of 76 hens’ 
individual egg weight modeling was carried out. The 
Lohmann-Brown chicks hatched on May 16, 2019. Sex 
determination, Marek, and Newcastle disease vaccination 
procedures were carried out in the hatchery. Beak 
trimming was carried out under very hygienic conditions 
by specially trained personnel with hot blades at 10 days 
of age. All management practices during the 15-week 
growing period were made according to the Lohmann 
Guide.
2.1.2. Experimental procedures 
The pullets were placed in the batteries in the cage system 
laying house where the study was carried out at 16 weeks 
of age. The pullets were given a transition period of 2 
weeks until the beginning of 19 weeks of age and they 
were expected to adapt to the new environment. The 
poultry house was 30 m in length, 12 m wide, and 4.5 m 
high. The house was artificially ventilated. The ventilation 
system was controlled by timers and sensors. The ambient 
temperature was maintained between 15 and 18 °C. 

Birds were fed commercial feed containing 17.0% 
crude protein (CP), 2750.0 kcal/kg metabolizable energy 

(ME), and 2.0% calcium from 16 weeks to age at the first 
egg. From the first egg to 40 weeks of age, the birds were 
fed with a diet containing 17.0% CP, 2750.0 kcal/kg ME, 
and 3.50% calcium. 

Until 16 weeks, 9-h light and 15-h dark program was 
applied and the first light stimulation was made at 16 weeks 
of age. The light period was then gradually increased (1-h 
per week) to 15-h light and 9-h dark until the hens were 
21 weeks old. This program continued until the hens were 
40 weeks old. Compact fluorescent bulbs used in lighting 
were 6500-K light spectrum (white color) and 720 lumens 
[11,12].

2.2. Method
2.2.1. Equations used in modeling egg weights
In this study, Cubic, Gompertz, Logistic, Gamma, Richard, 
Quadratic split, Orscov, and Sigmoaidal models were 
used to model the curves of egg weights in chickens and 
to estimate their parameters. Obtaining the curves and 
estimating the model parameters were made in the SAS 
package program [13,14].

The equations and expansions of these models are as 
follows.
Cubic piecewise regression;

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2 + 𝛽𝛽3t3 + 𝛽𝛽4(t − a)3 + 𝛽𝛽5(t − a)3

Wt = 𝛽𝛽0e−𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 𝛽𝛽0 (1 + 𝛽𝛽1e−𝛽𝛽2𝑡𝑡)⁄

Wt = 𝛽𝛽0t𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 1 𝛽𝛽0 + 𝛽𝛽1e(𝛽𝛽2𝑡𝑡)(−𝛽𝛽3)⁄

Wt = 𝛽𝛽0(1 − e−ct)

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2

Wt = 𝛽𝛽0 (1 + (𝛽𝛽1 t⁄ ))𝛽𝛽2⁄

𝛽𝛽 𝛽𝛽 𝛽𝛽 , β , β β

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑛𝑛 𝑥𝑥 𝑙𝑙𝑙𝑙 (𝑆𝑆𝑆𝑆𝑆𝑆
𝑛𝑛 ) + 2𝑘𝑘

𝐷𝐷𝐷𝐷 = ∑ (𝑒𝑒1−𝑒𝑒2)2𝑛𝑛
𝑡𝑡=2

∑ 𝑒𝑒1
2𝑛𝑛

𝑡𝑡=1

        	
						       (1)
Gompertz;
 

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2 + 𝛽𝛽3t3 + 𝛽𝛽4(t − a)3 + 𝛽𝛽5(t − a)3

Wt = 𝛽𝛽0e−𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 𝛽𝛽0 (1 + 𝛽𝛽1e−𝛽𝛽2𝑡𝑡)⁄

Wt = 𝛽𝛽0t𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 1 𝛽𝛽0 + 𝛽𝛽1e(𝛽𝛽2𝑡𝑡)(−𝛽𝛽3)⁄

Wt = 𝛽𝛽0(1 − e−ct)

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2

Wt = 𝛽𝛽0 (1 + (𝛽𝛽1 t⁄ ))𝛽𝛽2⁄

𝛽𝛽 𝛽𝛽 𝛽𝛽 , β , β β

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑛𝑛 𝑥𝑥 𝑙𝑙𝑙𝑙 (𝑆𝑆𝑆𝑆𝑆𝑆
𝑛𝑛 ) + 2𝑘𝑘

𝐷𝐷𝐷𝐷 = ∑ (𝑒𝑒1−𝑒𝑒2)2𝑛𝑛
𝑡𝑡=2

∑ 𝑒𝑒1
2𝑛𝑛

𝑡𝑡=1

				  
					                      (2)
Logistics,
 

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2 + 𝛽𝛽3t3 + 𝛽𝛽4(t − a)3 + 𝛽𝛽5(t − a)3

Wt = 𝛽𝛽0e−𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 𝛽𝛽0 (1 + 𝛽𝛽1e−𝛽𝛽2𝑡𝑡)⁄

Wt = 𝛽𝛽0t𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 1 𝛽𝛽0 + 𝛽𝛽1e(𝛽𝛽2𝑡𝑡)(−𝛽𝛽3)⁄

Wt = 𝛽𝛽0(1 − e−ct)

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2

Wt = 𝛽𝛽0 (1 + (𝛽𝛽1 t⁄ ))𝛽𝛽2⁄

𝛽𝛽 𝛽𝛽 𝛽𝛽 , β , β β

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑛𝑛 𝑥𝑥 𝑙𝑙𝑙𝑙 (𝑆𝑆𝑆𝑆𝑆𝑆
𝑛𝑛 ) + 2𝑘𝑘

𝐷𝐷𝐷𝐷 = ∑ (𝑒𝑒1−𝑒𝑒2)2𝑛𝑛
𝑡𝑡=2

∑ 𝑒𝑒1
2𝑛𝑛

𝑡𝑡=1

				  
				          		   (3)
Gamma,
 							     

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2 + 𝛽𝛽3t3 + 𝛽𝛽4(t − a)3 + 𝛽𝛽5(t − a)3

Wt = 𝛽𝛽0e−𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 𝛽𝛽0 (1 + 𝛽𝛽1e−𝛽𝛽2𝑡𝑡)⁄

Wt = 𝛽𝛽0t𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 1 𝛽𝛽0 + 𝛽𝛽1e(𝛽𝛽2𝑡𝑡)(−𝛽𝛽3)⁄

Wt = 𝛽𝛽0(1 − e−ct)

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2

Wt = 𝛽𝛽0 (1 + (𝛽𝛽1 t⁄ ))𝛽𝛽2⁄

𝛽𝛽 𝛽𝛽 𝛽𝛽 , β , β β

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑛𝑛 𝑥𝑥 𝑙𝑙𝑙𝑙 (𝑆𝑆𝑆𝑆𝑆𝑆
𝑛𝑛 ) + 2𝑘𝑘

𝐷𝐷𝐷𝐷 = ∑ (𝑒𝑒1−𝑒𝑒2)2𝑛𝑛
𝑡𝑡=2

∑ 𝑒𝑒1
2𝑛𝑛

𝑡𝑡=1

		                   (4)
Richard,
 							     
 

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2 + 𝛽𝛽3t3 + 𝛽𝛽4(t − a)3 + 𝛽𝛽5(t − a)3

Wt = 𝛽𝛽0e−𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 𝛽𝛽0 (1 + 𝛽𝛽1e−𝛽𝛽2𝑡𝑡)⁄

Wt = 𝛽𝛽0t𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 1 𝛽𝛽0 + 𝛽𝛽1e(𝛽𝛽2𝑡𝑡)(−𝛽𝛽3)⁄

Wt = 𝛽𝛽0(1 − e−ct)

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2

Wt = 𝛽𝛽0 (1 + (𝛽𝛽1 t⁄ ))𝛽𝛽2⁄

𝛽𝛽 𝛽𝛽 𝛽𝛽 , β , β β

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑛𝑛 𝑥𝑥 𝑙𝑙𝑙𝑙 (𝑆𝑆𝑆𝑆𝑆𝑆
𝑛𝑛 ) + 2𝑘𝑘

𝐷𝐷𝐷𝐷 = ∑ (𝑒𝑒1−𝑒𝑒2)2𝑛𝑛
𝑡𝑡=2

∑ 𝑒𝑒1
2𝑛𝑛

𝑡𝑡=1

	      		   (5)
Orskov,
 

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2 + 𝛽𝛽3t3 + 𝛽𝛽4(t − a)3 + 𝛽𝛽5(t − a)3

Wt = 𝛽𝛽0e−𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 𝛽𝛽0 (1 + 𝛽𝛽1e−𝛽𝛽2𝑡𝑡)⁄

Wt = 𝛽𝛽0t𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 1 𝛽𝛽0 + 𝛽𝛽1e(𝛽𝛽2𝑡𝑡)(−𝛽𝛽3)⁄

Wt = 𝛽𝛽0(1 − e−ct)

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2

Wt = 𝛽𝛽0 (1 + (𝛽𝛽1 t⁄ ))𝛽𝛽2⁄

𝛽𝛽 𝛽𝛽 𝛽𝛽 , β , β β

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑛𝑛 𝑥𝑥 𝑙𝑙𝑙𝑙 (𝑆𝑆𝑆𝑆𝑆𝑆
𝑛𝑛 ) + 2𝑘𝑘

𝐷𝐷𝐷𝐷 = ∑ (𝑒𝑒1−𝑒𝑒2)2𝑛𝑛
𝑡𝑡=2

∑ 𝑒𝑒1
2𝑛𝑛

𝑡𝑡=1

				  
					                      (6)
Quadratic split,
    							     

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2 + 𝛽𝛽3t3 + 𝛽𝛽4(t − a)3 + 𝛽𝛽5(t − a)3

Wt = 𝛽𝛽0e−𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 𝛽𝛽0 (1 + 𝛽𝛽1e−𝛽𝛽2𝑡𝑡)⁄

Wt = 𝛽𝛽0t𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 1 𝛽𝛽0 + 𝛽𝛽1e(𝛽𝛽2𝑡𝑡)(−𝛽𝛽3)⁄

Wt = 𝛽𝛽0(1 − e−ct)

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2

Wt = 𝛽𝛽0 (1 + (𝛽𝛽1 t⁄ ))𝛽𝛽2⁄

𝛽𝛽 𝛽𝛽 𝛽𝛽 , β , β β

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑛𝑛 𝑥𝑥 𝑙𝑙𝑙𝑙 (𝑆𝑆𝑆𝑆𝑆𝑆
𝑛𝑛 ) + 2𝑘𝑘

𝐷𝐷𝐷𝐷 = ∑ (𝑒𝑒1−𝑒𝑒2)2𝑛𝑛
𝑡𝑡=2

∑ 𝑒𝑒1
2𝑛𝑛

𝑡𝑡=1

	                                  (7)
Sigmoidal,
 

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2 + 𝛽𝛽3t3 + 𝛽𝛽4(t − a)3 + 𝛽𝛽5(t − a)3

Wt = 𝛽𝛽0e−𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 𝛽𝛽0 (1 + 𝛽𝛽1e−𝛽𝛽2𝑡𝑡)⁄

Wt = 𝛽𝛽0t𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 1 𝛽𝛽0 + 𝛽𝛽1e(𝛽𝛽2𝑡𝑡)(−𝛽𝛽3)⁄

Wt = 𝛽𝛽0(1 − e−ct)

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2

Wt = 𝛽𝛽0 (1 + (𝛽𝛽1 t⁄ ))𝛽𝛽2⁄

𝛽𝛽 𝛽𝛽 𝛽𝛽 , β , β β

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑛𝑛 𝑥𝑥 𝑙𝑙𝑙𝑙 (𝑆𝑆𝑆𝑆𝑆𝑆
𝑛𝑛 ) + 2𝑘𝑘

𝐷𝐷𝐷𝐷 = ∑ (𝑒𝑒1−𝑒𝑒2)2𝑛𝑛
𝑡𝑡=2

∑ 𝑒𝑒1
2𝑛𝑛

𝑡𝑡=1

				  
				         	                  (8)
Here;
Wt : t. weight over time,
β0, β1, β2, β3, β4 ve β5 : Constants defined for the models,
a, b, and c : Node points in piecewise regression,
e : 2.7182, 
t : It represents time.
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2.2.2. Model comparison criteria
In the modeling of egg weights, coefficient of determination 
(R2), mean squares of error, Durbin-Watson (DW), and 
Akaike information criteria (AIC) were taken into account 
in comparing the compatibility of the models with the 
point distribution [15].
2.2.3. Coefficient of determination (R2)
The R2 value shows how much of the total variation in the 
data set can be expressed by the model fitted to the point 
distribution and takes values in the range of 0 ≤ R2 ≤ 1. 
A high coefficient of determination means that the model 
obtained is well suited to the point distribution.

The coefficient of determination is calculated as in 
Equation 9.
R2 = 1− (SSE/SST) 			                    (9)
Here; 
SSE: Error sum of squares,
SST: Total sum of squares is in the form.
2.2.4. Error mean squares
The low mean of squares of error indicates that the model 
is highly suitable for point distribution. Therefore, it is 
widely used in model comparisons (Soysal et al., 1999; 
Aydın et al., 2018). PLA is calculated as in Equation 10.
MSE = SSE/(n − p) 	                                                (10)

In the equation, SSE: Error sum of squares, n: The 
number of observation pairs, p: The number of parameters 
in the model [16].
2.2.5. Akaike information criteria (AIC)
The Akaike information criterion value is a widely used 
criterion in choosing the most statistically appropriate one 
among the equations created. As a rule, the model with the 
smallest AIC value is considered to be the most suitable 
model and the AIC is calculated as in Equation 11.

  							     

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2 + 𝛽𝛽3t3 + 𝛽𝛽4(t − a)3 + 𝛽𝛽5(t − a)3

Wt = 𝛽𝛽0e−𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 𝛽𝛽0 (1 + 𝛽𝛽1e−𝛽𝛽2𝑡𝑡)⁄

Wt = 𝛽𝛽0t𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 1 𝛽𝛽0 + 𝛽𝛽1e(𝛽𝛽2𝑡𝑡)(−𝛽𝛽3)⁄

Wt = 𝛽𝛽0(1 − e−ct)

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2

Wt = 𝛽𝛽0 (1 + (𝛽𝛽1 t⁄ ))𝛽𝛽2⁄

𝛽𝛽 𝛽𝛽 𝛽𝛽 , β , β β

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑛𝑛 𝑥𝑥 𝑙𝑙𝑙𝑙 (𝑆𝑆𝑆𝑆𝑆𝑆
𝑛𝑛 ) + 2𝑘𝑘

𝐷𝐷𝐷𝐷 = ∑ (𝑒𝑒1−𝑒𝑒2)2𝑛𝑛
𝑡𝑡=2

∑ 𝑒𝑒1
2𝑛𝑛

𝑡𝑡=1

	                                (11)

In the equation, SSE: Error sum of squares, n: Number 
of observation pairs, k: Number of parameters in the 
model, ln: log10 base [16,17].

2.2.6. Durbin-Watson autocorrelation test (DW)
It is a test to test whether the error terms of the predicted 
model are in correlation. The fact that the value obtained 
with this test is around 2 is a strong indication that there 
is no autocorrelation. The DW value is always between 
0 and 4. If the DW value is 2, it is accepted that there is 
no autocorrelation [18,19]. DW value is calculated as in 
Equation 12. 
Here ei = Error term, t = Time.

	   						    

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2 + 𝛽𝛽3t3 + 𝛽𝛽4(t − a)3 + 𝛽𝛽5(t − a)3

Wt = 𝛽𝛽0e−𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 𝛽𝛽0 (1 + 𝛽𝛽1e−𝛽𝛽2𝑡𝑡)⁄

Wt = 𝛽𝛽0t𝛽𝛽1e−𝛽𝛽2𝑡𝑡

Wt = 1 𝛽𝛽0 + 𝛽𝛽1e(𝛽𝛽2𝑡𝑡)(−𝛽𝛽3)⁄

Wt = 𝛽𝛽0(1 − e−ct)

Wt = 𝛽𝛽0 + 𝛽𝛽1t + 𝛽𝛽2t2

Wt = 𝛽𝛽0 (1 + (𝛽𝛽1 t⁄ ))𝛽𝛽2⁄

𝛽𝛽 𝛽𝛽 𝛽𝛽 , β , β β

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑛𝑛 𝑥𝑥 𝑙𝑙𝑙𝑙 (𝑆𝑆𝑆𝑆𝑆𝑆
𝑛𝑛 ) + 2𝑘𝑘

𝐷𝐷𝐷𝐷 = ∑ (𝑒𝑒1−𝑒𝑒2)2𝑛𝑛
𝑡𝑡=2

∑ 𝑒𝑒1
2𝑛𝑛

𝑡𝑡=1
			                    (12)

3. Results and discussion
In the modeling of egg weights of 351 layer hens raised 
in 3-storey cages, individual egg weight data measured 
at weekly intervals, 32 on the 1st floor, 17 on the 2nd 
floor, and 27 on the 3rd floor, were taken into account, 
and a total of 76 hens in R2, AIC, and DW values of the 
curve models calculated using Cubic, Richard, Logistics, 
Gompertz, Orscov, Sigmoidal, and Quadratic piecewise 
regression, which are among the individual egg weights of 
the chickens used in the study, are given in Table 1, Table 
2, and Table 3.

When the MSE, R2, AIC, and DW values for all 
individual models of eggs obtained from animals in the 
first layer are examined in Table 1, it is seen that Richard, 
Logistic, and Gompertz models have the best results and 
very close values are obtained. Orskov and Quadratic 
piecewise regression seem to give the worst results. When 
the comparison criteria for all individual models of eggs 
obtained from animals on the second floor are examined 
in Table 2, it is seen that the Richard model gives the best 
results, while the Sigmoidal and Quadratic piecewise 
regression models give the worst results. In Table 3, when 
the comparison criteria for all individual models of eggs 
obtained from animals on the third floor are examined, it 
is seen that the Richard model has the best results, while 
the Orskov and Quadratic piecewise regression models 
give the worst results. Thus, when Table 1, Table 2, and 
Table 3 are examined, it is seen that the best model is 

Table 1. Comparative values of individual models of eggs from first-floor animals.

Models  n MSE AIC DW

Cubic Piecewise Regression

 32

14.886 ± 0.2 0.822 ± 0.2 –13.5 ± 2.33 2.79 ± 0.5
Richard 14.059 ± 0.5 0.997 ± 0.2 –63.9 ± 1.96 2.06 ± 0.9
Logistics 14.129 ± .01 0.997 ± 0.2 –42.6 ± 2.33 2.09 ± 0.5
Gompertz 14.051 ± 0.7 0.997 ± 0.1 –42.3 ± 1.14 1.97 ± 0.7
Orskov 20.322 ± 0.5 0.996 ± 0.1 –16.5 ± 1.11 2.86 ± 0.6
Sigmoidal 14.912 ± 1.1 0.997 ± 0.4 –13.7 ± 1.02 0.36 ± 0.3
Quadratic Piecewise Regression 14.253 ± 1.5 0.794 ± 0.7 –9.92 ± 1.9 3.11 ± 0.8
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the Richard model. It is seen that the closest estimates to 
the Richard model are obtained from the Logistics and 
Gompertz models. Orskov, Sigmoidal, and Quadratic 
piecewise regression models were found to have the worst 
results. Figure 1, Figure 2, and Figure 3 show the curves 
obtained from the individual growth curves of Cubic, 
Richard, Logistics, Gompertz, Orscov, Sigmoidal, and 
Quadratic piecewise regression models.

When the value of the increase in egg weights of the 
chickens used in the study and the coefficients estimated 
using the individual growth curves of Cubic, Richard, 
Logistics, Gompertz, Orscov, Sigmoidal, and Quadratic 
piecewise regression models, the values of MSE, R2, AIC, 
and DW are examined, the best model is the Richard 
model and the worst model is the Orskov and Quadratic 
piecewise regression model. Obtained results [20], [21], 
and [22], are in agreement with the studies. In their study, 
they showed that the best model for comparing Cubic, 
Gompertz, Logistic, Richard, Schunute, and Quadratic 
Spline models is Richard, Gompertz, and logistic models. 
In addition, [20] and [23] stated that the best model among 
the Gompertz, Logistic, and Von Bertalanffy models 
is the Gompertz model in their work on modeling egg 
weights. Similarly, [20] reported that the best model was 
the Gompertz model by examining the parameters known 

as brood body weight and maximum growth rate in their 
study. It was seen that the results obtained were compatible 
with the studies carried out.

4. Conclusion
In this study, some of the most used models for modeling 
egg weights in chickens were examined comparatively. 
When the MSE, R2,  AIC, and DW values of the curve 
models created for egg weights were examined, it was 
concluded that the Richard model gave the best results, 
while the Orskov and Quadratic piecemeal regression 
model gave the worst results.

In addition, in this study, as a result of the individual 
growth curves of Cubic, Richard, Logistics, Gompertz, 
Orscov, Sigmoidal, and Quadratic piecewise regression 
models and the curves of individual egg weights obtained 
from different cage layers, it was seen that the best curve 
modeling was the curves obtained from the eggs in the third 
layer. At the same time, it was determined that the results 
were very close to each other in the other curves. The point 
to be considered here is that the fluctuations in the point 
distribution of the curves can be tolerated by increasing 
them.

Modeling the point distributions of egg weights on the 
basis of herds in most enterprises seems to be very important 

Table 2. Comparison values of individual models of eggs from animals on the second floor.

Models  n MSE AIC DW

Cubic Piecewise Regression

 17

3.970 ± 0.3 0.886 ± 0.1 –12.4 ± 1.21 2.85 ± 0.7
Richard 5.382 ± 0.2 0.999 ± 0.2 –53.9 ± 2.31 2.01 ± 0.5
Logistics 6.600 ± 0.3 0.9980 ± 0.1 –40.6 ± 2.22 2.38 ± 0.7
Gompertz 6.435 ± 0.1 0.998 ± 0.3 –33.3 ± 3.15 1.81 ± 0.8
Orskov 8.744 ± 0.5 0.998 ± 0.3 –16.5 ± 2.98 2.91 ± 0.9
Sigmoidal 14.886 ± 0.9 0.999 ± 0.4 –13.7 ± 3.97 0.31 ± 1.1
Quadratic Piecewise Regression 7.465 ± 0.2 0.741 ± 0.2 –0.94 ± 1.98 3.36 ± 0.9

Table 3. Comparative values of individual models of eggs from third-floor animals.

Models  n MSE AIC DW

Cubic Piecewise Regression

 27

5.420 ± 0.3 0.884 ± 0.4 –11.1 ± 4.5 2.99 ± 0.5
Richard 6.182 ± 0.2 0.999 ± 0.3 –83.2 ± 3.1 2.07 ± 0.7
Logistics 6.653 ± 0.3 0.998 ± 0.7 –51.6 ± 2.9 2.48 ± 0.5
Gompertz 6.594 ± 0.4 0.998 ± 0.5 –49.3 ± 3.2 1.71 ± 0.4
Orskov 11.467 ± 0.5 0.997 ± 0.4 –19.5 ± 2.1 3.12 ± 0.4
Sigmoidal 14.886 ± 0.7 0.999 ± 0.3 –14.4 ± 1.9 0.55 ± 0.5
Quadratic Piecewise Regression 7.000 ± 0.5 0.818 ± 0.7 –0.71 ± 1.7 3.01 ± 0.7
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when the issues such as yield, herd management, care, and 
feeding conditions are addressed. For this purpose, the part 
that should be considered in the selection of the model 
is that a good literature review should be done first, and 
then the tendencies of the models in forming curves and 
their biological interpretation. For this reason, having as 
many model comparison criteria as possible and a general 
interpretation of these criteria in model selection will 
help the researcher to determine the most suitable model 
statistically.
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Figure 1. Curves for individual models of eggs from first-floor animals. 

 1 

Figure 2. Curves for individual models of eggs from animals on the second floor.
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References

1.	 Karadavut U, Taskin A, Genc S. Comparison of growth curve 
models in Japanese quail raised in cages enriched with different 
colored lights.  Revista Brasileira de Zootecnia 2017;  46 (11): 
839-846.  https://doi.org/10.1590/S1806-92902017001100002 

2.	 Topal M, Bolukbasi SC. Comparison of nonlinear growth 
curve models in broiler chickens. Journal of Applied Animal 
Research 2008; 34 (2): 149-152. https://doi.org/10.1080/09712
119.2008.9706960 

3.	 Sharifi MA, Patil CS, Yadav AS, Bangar YC. Mathematical 
modeling for egg production and egg weight curves in a 
synthetic white leghorn. Poultry Science 2022; 101 (4): 101766.  
https://doi.org/10.1016/j.psj.2022.101766

4.	 Eyduran E, Karakus K, Keskin S, Cengiz F. Determination of 
factors influencing birth weight using regression tree (RT) 
method. Journal of Applied Animal Research 2008; 34 (2): 109-
112. https://doi.org/10.1080/09712119.2008.9706952

5.	 Keskin I, Dag B, Sariyel V, Gokmen M. Estimation of growth 
curve parameters in Konya Merino sheep.  South African 
Journal of Animal Science 2009;  39 (2). https://doi.org/ 
10.4314/sajas.v39i2.44390

6.	 Karabağ K, Alkan S, Karslı T, Balcıoğlu MS: Genetic changes 
in growth curve parameters in Japanese quail lines divergently 
selected for body weight. European Poultry Science 2017; 81 
(1): 1-10. https://doi.org/ 10.1399/eps.2017.205

7.	 Abaci SH, Onder H, Sahin M, Yavuz E. Determination of 
number and position of knots in cubic spline regression 
for modeling individual lactation curves in three different 
breed.  Pakistan Journal of Zoology 2020;  52 (6): 2039-2045. 
https://dx.doi.org/10.17582/journal.pjz/20200129080117

8.	 Sakomura NK, Reis MDP, Ferreira NT, Gous RM. Modeling 
egg production as a means of optimizing dietary nutrient 
contents for laying hens. Animal Frontiers 2019; 9 (2): 45-51. 
https://doi.org/10.1093/af/vfz010

9. 	 Tahtalı Y, Şahin M, Bayyurt L. Comparison of different 
growth curve models in Romanov lambs.  Kafkas Üniversitesi 
Veteriner Fakültesi Dergisi 2020; 26 (5): 609-615. https://doi.
org/ 10.9775/kvfd.2020.23954

10.	 Ağyar O, Tırınk C, Önder H, Şen U, Piwczyński et al. Use of 
multivariate adaptive regression splines algorithm to predict 
body weight from body measurements of anatolian buffaloes in 
Türkiye. Animals 2022; 12 (21): 2923. https://doi.org/10.3390/
ani12212923

https://doi.org/10.1590/S1806-92902017001100002
https://doi.org/10.1080/09712119.2008.9706960
https://doi.org/10.1080/09712119.2008.9706960
https://doi.org/10.1016/j.psj.2022.101766
https://doi.org/10.1080/09712119.2008.9706952
https://doi.org/10.4314/sajas.v39i2.44390
https://dx.doi.org/10.17582/journal.pjz/20200129080117
https://doi.org/10.1093/af/vfz010
https://doi.org/10.3390/ani12212923
https://doi.org/10.3390/ani12212923


YAVUZ et al. / Turk J Vet Anim Sci

235

11.	 Ohaegbulem EU, Nwobi FN. Poultry feed brands selection 
using profile analysis. Journal of Applied Sciences 2009; 9 (7): 
1368-1372. https://doi.org/ 10.3923/jas.2009.1368.1372

12.	 Tırınk C, Alkan S, Arıcı YK. The use of some nonlinear functions 
to explain growth in Japanese quails with multivariate adaptive 
regression splines algorithm.  Turkish Journal of Agriculture-
Food Science & Technology 2022; 10 (10): 1807-1813. https://
doi.org/10.24925/turjaf.v10i10.1807-1813.5410

13.	 Narinç D, Öksüz Narinç N, Aygün A. Growth curve analyses in 
poultry science, World’s Poultry Science Journal 2017; 73 (2): 
395-408. https://doi.org/10.1017/S0043933916001082

14.	 SAS Institute. SAS/STAT User Guide. Version 9.3 edition. SAS 
Institute, 2011.

15.	 Nolte T, Jansen S, Halle I, Scholz AM, Simianer H et al. Egg 
production and bone stability of local chicken breeds and their 
crosses fed with faba beans. Animals 2020; 10 (9): 1480. https://
doi.org/ 10.3390/ani10091480

16.	 Ahmed L. Repeatability estimates of egg number and egg 
weight under various production periods in three lines 
of local quail. Advances in Animal & Veterinary Sciences 
2021;   9 (12): 2216-2220. https://doi.org/10.17582/journal.
aavs/2021/9.12.2216.2220 

17.	 Otwinowska-Mindur A, Gumulka M, Kania-Gierdziwicz J. 
Mathematical models for egg production in broiler breeder 
hens. Annals of Animal Science 2016; 16 (4): 1185–1198. 
https://doi.org/10.1515/aoas-2016-0037 

18.	 Khaliduzzaman A, Kashimori A, Suzuki T, Ogawa Y, Kondo N. 
Chick embryo growth modeling using near-ınfrared sensor and 
non-linear least square fitting of egg opacity values.  Sensors 
2020; 20 (20): 5888. https://doi.org/10.3390/s20205888

 19.	 Mendeş M, Dinçer E, Arslan E. Profile analysis and growth 
curve for body mass index of broiler chickens reared under 
different feed restrictions in early age. Archives Animal 
Breeding 2007; 50 (4): 403-411. https://doi.org/10.5194/aab-
50-403-2007

20.	 Topal M, Özdemir M, Aksakal V, Yıldız N, Doğru Ü. 
Determination of the best nonlinear function in order to 
estimate growth in Morkaraman and Awassi lambs. Small 
Ruminant Research 2004; 55 (3): 229-232. https://doi: 
10.1016/j.smallrumres.2004.01.007

21.	 Inca JS, Martinez DA, Vilchez C. Phenotypic correlation 
between external and internal egg quality characteristics in 
85-week-old laying hens.  International Journal of Poultry 
Science 2020; 19 (8): 346-355. https://doi.org/ 10.3923/
ijps.2020.346.355

22.	 Kaplan S, Gürcan ES. Comparison of growth curves using non-
linear regression function in Japanese quail. Journal of Applied 
Animal Research 2018; 46 (1): 112-117. https://doi.org/10.108
0/09712119.2016.1268965

23.	 Topuz D. Lactation milk yield prediction with possibilistic 
logistic regression analysis.  Kafkas Üniversitesi Veteriner 
Fakültesi Dergisi 2021; 27 (5): 547-557. https://doi.org/ 
10.9775/kvfd.2020.25171

http://dx.doi.org/10.3923/jas.2009.1368.1372
https://doi.org/10.24925/turjaf.v10i10.1807-1813.5410
https://doi.org/10.24925/turjaf.v10i10.1807-1813.5410
https://doi.org/10.1017/S0043933916001082
https://doi.org/10.3390/ani10091480
http://dx.doi.org/10.17582/journal.aavs/2021/9.12.2216.2220
http://dx.doi.org/10.17582/journal.aavs/2021/9.12.2216.2220
https://doi.org/10.1515/aoas-2016-0037
https://www.mdpi.com/1424-8220/20/20/5888
https://doi
https://doi.org/10.3923/ijps.2020.346.355
https://doi.org/10.3923/ijps.2020.346.355
https://doi.org/10.1080/09712119.2016.1268965
https://doi.org/10.1080/09712119.2016.1268965

	Modeling of individual egg weights of Lohmann-Brown layer hens
	Recommended Citation

	tmp.1687425127.pdf.VFtqN

